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(54) Two-stage comminuting and dehydrating system and method 



(57) An improved two-stage comminuting and dehy- 
drating system is efficient, environmentally sound, and 
may be employed to process sticky materials. The sys- 
tem includes a pair of cyclone structures (303,305) for 
comminuting and dehydrating. Injection ports (329) are 
positioned for injection of viscid substances directly into 
the low pressure region of each cone. The secondary 
cyclone structure (305) is equipped with a lower exit 



port. A single blower (307) is coupled with the cyclone 
structures to form an air flow loop (331 ,333) from the 
primary cone bottom to the secondary cone top and from 
the secondary cone top to the primary cone top. Airflow 
for cycling material between the cones is controlled by 
feedback from moisture and particle size monitoring de- 
vices in a collection unit coupled with the secondary 
cone. 
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Description 

Background of the Invention 

1. Field of the Invention 5 

[0001] The present invention is broadly concerned 
with comminuting or disintegrating systems, and in par- 
ticular with a two-staged, closed loop comminuting and 
dehydrating system. 

2. Description of the Related Art 

[0002] Devices for comminuting and dehydrating are 
well known. Examples include U.S. Patent No. 
5,236,132 issued to the applicant's assignee on August 
17, 1993, and U.S. Patent No. 5,598,979 issued to the 
applicant's assignee on February 4, 1 997, both of which 
are incorporated herein by reference. Such prior art 
comminuting and dehydrating devices comprise a cy- 
clone chamber mounted atop a conical body, an adjust- 
able coaxial sleeve for introducing material to be proc- 
essed, a damper for reducing air flow through the 
sleeve, and a blower. A feeder unit is interposed be- 
tween the blower and the chamber, and material may 
also be introduced into the chamber through the coaxial 
sleeve. Processed material may be deposited on a con- 
veyor, pneumatic conveyance system, orcollected in an 
open bin. Such cyclonic comminution devices are suit- 
able for processing materials such as minerals, plants, 
food products, recyclable materials, and soil. 
[0003] They may be employed for pulverizing and 
separating ores such as gold, silver, copper, kaolin and 
which are recovered from rock formations presenting a 
different density or structure than the ore. They may also 
be employed to pulverize and dehydrate materials such 
as gypsum, fly ash, foundry shag, coal, coke, phos- 
phates and residual products of refining and distillation 
processes, including animal shells and crustaceans as 
well as bones, diatomaceous earth and soil structures. 
They may be employed to pulverize, dehydrate, and 
preserve food products such as grain, and grain com- 
ponents such as gluten and for fractionalization of the 
starch protein matrix, as well as for enhancement of lipid 
or fiber content for further processing or defatting. They 
may be employed for fragmentation and dehydration of 
fibrous foods such as carrots, apples, beans, and spin- 
ach and for pulverization and dehydration of lignocellu- 
losic biomass materials such as trees, seaweed, straw, 
peat moss, waste paper and animal wastes. Such cy- 
clonic comminuter dehydrator units may also be em- 
ployed in recycling for pulverizing glass, metals, plastic 
and organic materials so that such components may be 
mechanically sorted and separated. The units may also 
be used to pulverize and dehydrate soil and to separate 
it from rock, ash, boron, hydrocarbons and other con- 
taminants, either alone or in conjunction with washing, 
thermal, biological, or other treatment processes. 



[0004] However, prior art comminuter dehydrator sys- 
tems and methods have not been particularly suitable 
for processing viscid materials such as soil contaminat- 
ed by petroleum or other chemical spills or animal 
wastes. Such systems and methods have also not been 
particularly suitable for delivering particles of a prede- 
termined size and selected moisture content or for pre- 
paring uniform homogenous mixtures with consistent 
predetermined moisture levels. 

Summary of the Invention 

[0005] The present invention overcomes the prob- 
lems previously outlined and provides a greatly im- 
proved two-stage comminuting and dehydrating system 
which is efficient, environmentally sound, and which is 
particularly well adapted for processing liquid or viscid 
materials to achieve a predetermined particle size and 
moisture content. 

[0006] The system includes a pair of cyclone devices 
for comminuting and dehydrating. Injection ports are po- 
sitioned for injection of viscid substances directly into 
the low pressure region of each cone. The secondary 
cyclone is equipped with a lower exit port. A single blow- 
er is coupled with the cyclone structures to form an air 
flow loop from the primary cone bottom to the secondary 
cone top and from the secondary cone top to the primary 
cone top. Airflow for cycling material between the cones 
is controlled by feedback from moisture and particle size 
monitoring devices in a collection unit coupled with the 
secondary cone. 

[0007] Objects and advantages of this invention will 
become apparent from the following description taken 
in conjunction with the accompanying drawings wherein 
are set forth, byway of illustration and example, certain 
embodiments of this invention. 

[0008] The drawings constitute a part of this specifi- 
cation and include exemplary embodiments of the 
present invention and illustrate various objects and fea- 
tures thereof. 

Brief Description of the Drawings 
[0009] 

Figure 1 depicts a fragmentary side elevational view 
of a gradient-force comminuter/dehydrator appara- 
tus in accordance with the present invention, with 
parts broken away for clarity and with certain parts 
shown in phantom. 

Fig. 2 is a fragmentary view of the device of Fig. 1 , 
showing a damper thereof. 

Fig. 3 is a fragmentary, top plan view of the damper 
of Fig. 2. 

Fig. 4 is a fragmentary, top plan view of a material 
feeder valve coupled to a blower and manifold of 
the apparatus. 

Fig. 5 is an enlarged sectional view taken generally 
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along line 5--5 of Fig. 3. 

Fig. 6 is an enlarged sectional view taken along line 
6-6 of Fig. 1 showing a venturi mechanism thereof. 
Fig. 7 is an enlarged fragmentary, top plan view of 
a gate mechanism of the device with parts broken 
away for clarity, taken along line 7—7 of Fig. 5. 
Fig. 8 is an enlarged, fragmentary, partially sche- 
matic, sectional view of a nozzle of the device of 
Fig. 1 taken along line 8-8. 

Fig. 9 is a side elevational view of a first alternate 
embodiment of a closed loop gradient force commi- 
nuting and dehydrating system in accordance with 
the present invention, with material introduction ap- 
paratus shown schematically. 
Fig. 10 is an enlarged, fragmentary, sectional view 
taken generally along line 10-10 of Fig. 9. 
Fig. 11 is a side elevational view of a first alternate 
embodiment of a closed loop gradient force commi- 
nuting and dehydrating system in accordance with 
the present invention. 

Fig. 12 is a diagrammatic side elevational view of a 
second alternate embodiment comprising a two- 
stage comminuting and dehydrating system em- 
bodying the present invention. 
Fig. 13 is an enlarged fragmentary diagrammatic 
side elevational view of a segment of the conduit 
second leg as shown in Fig. 12 showing airflow 
through a venturi mechanism thereof. 
Fig. 14 is an enlarged fragmentary diagrammatic 
top plan view of the venturi mechanism of Fig. 13. 
Fig. 15 is a diagrammatic side view of a shredding/ 
drying assembly shown in position for delivery of 
shredded material to a primary airlock of the em- 
bodiment of Fig. 12. 

Detailed Description of the Preferred Embodiments 

[0010] As required, detailed embodiments of the 
present invention are disclosed herein; however, it is to 
be understood that the disclosed embodiments are 
merely exemplary of the invention which may be em- 
bodied in various forms. Therefore, specific structural 
and functional details disclosed herein are not to be in- 
terpreted as limiting, but merely as a basis for the claims 
and as a representative basis for teaching one skilled in 
the art to variously employ the present invention in vir- 
tually any appropriately detailed structure. 

I. Comminuter/Dehydrator Apparatus 

[0011 J The reference numeral 1 generally refers to a 
gradient-force comminuter/dehydrator apparatus for 
comminuting a variety of different materials having var- 
ious sizes and various physical characteristics, in ac- 
cordance with the present invention, as shown in Figs. 
1 through 8. The apparatus 1 comprises a cylindrical 
chamber 3, a body 5, pressurizing means such as a 
blower 7 and ducting means 9, air velocity enhancing 



means such as a venturi mechanism 11 , material intro- 
ducing means 13 for introducing material being commi- 
nuted into the apparatus 1, comminuting rate control 
means and coarseness control means for controlling the 
5 rate of comminution of the material being comminuted 
and the coarseness of the comminuted material such as 
a sleeve 15 in conjunction with a damper 1 7, and grav- 
itational discharge means 19 for utilizing gravity to dis- 
charge the comminuted material from the apparatus 1 . 
[00121 The cylindrical chamber 3 has a closed, annu- 
larly shaped top 21 having a centrally spaced orifice 22, 
a closed side 23, an open bottom 25, and a generally 
vertically oriented axis AA, as shown in Fig. 1. 
[0013] The body 5 has an inverted, conically shaped 
cavity 27 with base dimensions substantially similar to 
the inside dimensions of the chamber 3. The body 5 has 
a truncated lower end 29 and a generally vertically ori- 
ented axis which is substantially colinear with the axis 
of the chamber 3. The body 5 is connected to and sus- 
pended generally below the chamber 3. For some ap- 
plications, the body 5 has one or more detachable noz- 
zles 31 , the removal of which provides greater trunca- 
tion of the conically shaped body 5. Preferably, the con- 
ically shaped cavity 27 subtends an angle, as indicated 
by the arrow designated by the numeral 32 in Fig. 5, 
within the range of 28° to 42°. More preferably, the cavity 
27 subtends an angle of approximately 36°. 
[0014] The blower 7, such as a Model 602A Pressure 
Blower as provided by Garden City Fan & Blower Com- 
pany, provides air at high volume and high velocity. 
Those skilled in the art will appreciate that blower 7 may 
be powered by electricity, gasoline, or any other suitable 
fuel. The ducting means 9 include a manifold 33 forcon- 
necting the blower 7 to the chamber 3. In one application 
of the present invention, the manifold 33 had dimen- 
sions of 6>fc-inches width and 9-inches height. For ex- 
ample, airflow of approximately 1 ,000 - 80,000 cfm may 
be used while maintaining a static pressure of approxi- 
mately 3-150 inches. 

[0015] The manifold 33 is connected to the chamber 
3 such that air being forced therethrough into the cham- 
ber 3 is generally directed substantially tangentially into 
the chamber 3. To maintain consistency with natural 
forces, the air is introduced into the chamber 3 on the 
left side (northern hemisphere) such that the air spirals 
in a clockwise direction as viewed downwardly. 
[0016] The venturi mechanism 11 generally includes 
a pair of opposing, arcuately shaped sidewall plates 34 
spaced within the manifold 33 such that a throat 35 is 
formed therebetween. In one application of the present 
invention, the throat 35 had a width of approximately 3>£ 
inches. The venturi mechanism 11 is generally spaced 
in close proximity to the chamber 3. 
[0017] The material introducing means 13 may in- 
clude a valve 37, such as a Model VJ8x6 Airlock Valve 
as provided by Kice Industries, Inc. An input port 39 of 
the valve 37 is connected to the blower 7 by an upstream 
pipe 41 such that a portion of the pressurized air being 
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transferred from the blower 7 to the chamber 3 is routed 
through the valve 37. An output port 43 of the valve 37 
is connected to the manifold 33 by a downstream pipe 
45 such that material being comminuted and dehydrat- 
ed by the apparatus 1 is generally directed into the man- 
ifold 33 either at, or downstream from, the venturi mech- 
anism 11 . A hopper 47 is mounted on the valve 37 such 
that material being comminuted is gravitationally fed into 
the valve 37. 

[0018] The sleeve 15 is generally cylindrically shaped 
and has an outside diameter dimensioned slightly small- 
er than the dimensions of the orifice 22, The sleeve 15 
extends axially through the chamber 3 and extends into 
the cavity 27 spaced therebelow. The sleeve 1 5 includes 
a truncated, conically shaped flange 49 which has an 
open lower end 51 . 

[0019] Elevating means, such as a pair of jacks 53 
spaced diametrically across the sleeve 1 5 and generally 
above the chamber 3 : are adapted to cooperatively, ax- 
ially adjust the sleeve 15 relative to the chamber 3 and 
the cavity 27. 

[0020] The damper 17 is adapted to selectively re- 
strict air flowing through the sleeve 7 from the cavity 27 
into the ambient atmosphere, as indicated by the arrows 
designated by the numeral 54 in Fig. 1 . The damper 17 
is generally threadably mounted on a vertically oriented 
threaded rod 55 connected to a bracket 57 which is con- 
nected to the sleeve 15, as shown in Figs. 1 and 2, such 
that the damper 1 7 is adjustable toward and away from 
the sleeve 15. Preferably, the damper 17 is configured 
as an inverted cone. In one application of the present 
invention, the conically shaped damper 17 subtended 
an angle of approximately 70". 

[0021 ] The damper 1 7 generally has slots 59 near the 
lower extremity thereof. A gate mechanism 61 is adapt- 
ed to selectively open and close the slots 59 such that 
selected material being comminuted can pass there- 
through. A discharge tube 63 is detachably connected 
to the damper 17 such that material falling through the 
slots 59 is gravitationally introduced directly into the cav- 
ity 27 as hereinafter described. 

[0022] In one application of the present invention, the 
apparatus 1 includes turbulence-enhancing means 
comprising a plurality of ribs 65. Each of the ribs 65 is 
generally elongate, having a length approximately equal 
to the axial length of the chamber 3 and has a roughened 
surface. The ribs 65 are spaced apart in parallel fashion 
along the inner perimeter of the chamber 3. Frame 
means 67 are provided as needed to maintain the vari- 
ous portions of the apparatus 1 in their relative positions 
and for mounting on a trailer (not shown) for portability, 
if desired. 

[0023] In an application of the present invention, the 
blower 7 is activated such that high volume, high velocity 
air is introduced substantially tangentially into the cham- 
ber 3 whereby that air is further pressurized, cyclonical- 
ly, in the chamber 3 and in the cavity 27. Due to the cen- 
trifugal forces present in the cyclonic environment, the 



pressure nearer the outer extremities of the cavity 27 is 
substantially greater than atmospheric pressure, while 
the pressure nearer the axis of the cavity 27 is less than 
atmospheric pressure. 
5 [0024] A profile line, designated by the dashed line 
designated by the numeral 69 in Fig. 5, indicates the 
approximate boundary between the region of the cavity 
27 having pressures above atmospheric pressure from 
the region of the cavity 27 having pressures below at- 
mospheric pressure. The pressure-gradient and coriolis 
forces across and the collision interaction between par- 
ticles contained in the high-velocity cyclonically pressu- 
rized air are violently disruptive to the physical structure 
of those particles, thereby comminuting and generally 
dehydrating them. 

[0025] As the sleeve 1 5 is lowered by adjusting the 
jacks 53, as indicated by the phantom lines designated 
by the numeral 70 in Fig. 1, the profile line 69 moves 
radially outwardly, providing greater cyclonic velocities 
and force gradients. Thus, vertical adjustment of the 
sleeve 1 5 allows the apparatus 1 to be adapted to ac- 
commodate materials having widely different physical 
characteristics. 

[0026] The lower the sleeve 15 is spaced relative to 
the cavity 27, the higher the material being comminuted 
tends to be distributed In the cyclonic environment of the 
cavity 27. Also, the lower the relative spacing of the 
sleeve 1 5. the greater the cyclonic action within the cav- 
ity 27 and, possibly, the greater the suction near the vor- 
tex or center of the open lower end 29, as indicated by 
the arrow designated by the numeral 71 in Fig. 8, caus- 
ing generally vertical, cochleating and resonating, oscil- 
latory patterns in the air flow containing the material be- 
ing comminuted to be more violent and thereby affecting 
the coarseness of the comminuted material. For some 
applications and configurations of the apparatus 1 , the 
air flow indicated by the numeral 71 may only be nomi- 
nal. 

[0027] Similarly, adjusting the damper 1 7 relative to 
the sleeve 15, which controls the volume of air allowed 
to escape from the center, low-pressure region of the 
cavity 27 into the ambient atmosphere, affects the cy- 
clonic velocities, force gradients, and vertical oscilla- 
tions as the apparatus 1 is adjusted to handle various 
throughput volumes of materials being comminuted. 
[0028] The throughput rate for comminuting the ma- 
terial is controlled by adjusting the rate and manner in 
which material is being fed into the apparatus 1 . If the 
material is to be both comminuted and dehydrated, then 
the material is generally fed into the apparatus I by the 
valve 37. In that event, the gate mechanism 61 may be 
used as a fine control for the coarser adjustments of the 
damper 17 relative to the sleeve 15. 
[0029] If the material is relatively fine, such as wheat 
and the like, and is to be largely comminuted and only 
minimally dehydrated, then the material may be fed into 
the apparatus 1 by the damper 17 and the gate mech- 
anism 61 in cooperation with the slots 59. In that event, 
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the material being comminuted falls through the slots 59 
and drops gravitationally downwardly through the dis- 
charge tube 63 where an elbow 73 injects the material 
directly into the high cyclonic pressure region of the cav- 
ity 27. 

[0030] As the material is comminuted, the finer parti- 
cles thereof tend to diffuse to the conical perimeter of 
the cavity 27, as indicated by the numeral 75 in Fig. 8. 
As those finer particles accumulate, they tend to move 
gravitationally downwardly to the open lower end 29 
where the particles exit from the apparatus 1 . assisted 
by the annularly shaped air leakage from the cyclonical- 
ly higher pressure region along the perimeter of the cav- 
ity 27, as indicated by the arrows designated by the nu- 
meral 77 in Fig. 8. By continually feeding material into 
the apparatus 1 , a continuous throughput of comminut- 
ed material is provided. 

[0031 ] By selectively utilizing the apparatus 1 with and 
without the nozzle 31 : a greater range of sizes and types 
of materials, and greater throughput rates are obtaina- 
ble with the apparatus 1 . 

[0032] A container, conveyor belt or other suitable ar- 
rangement (not shown) spaced below the lower end 29 
receives the comminuted material as it is gravitationally 
discharged from the apparatus 1 . 

II. Closed-loop Comminuting and Dehydrating 
system 

[0033] Referring now to Figs. 9, 10, and 11 , a closed- 
loop comminuting and dehydrating system 1 00 includes 
a primary comminuter/dehydrator apparatus 101 which 
is substantially similar to the comminuter/dehydrator 1 
previously described. The numbering and description of 
all common elements will not be reiterated. Those ele- 
ments which are described will be numbered as set forth 
in Figures 1-8 with the addition of 100. 
[0034] The system 100 also includes a secondary 
comminuter/dehydrator apparatus 179, a conduit 181 
remotely intercoupling the primary and secondary units, 
a containment system 1 83, pressure equalization struc- 
ture 185, filtration system 187, and noise reduction 
mechanism 1 89. 

[0035] Both primary and secondary comminuter/de- 
hydrator units 101, 179 include a material introduction 
port 191 positioned on the lower portion of the body 105, 
generally adjacent the low pressure zone of the cyclone. 
As best shown in Figure 1 0, port 191 and body 1 05 sub- 
tend an acute angle 1 93, so that liquid or viscid materials 
may be cooperatively introduced by gravity and vacuum 
directly into the low pressure zone where the product is 
immediately surrounded by an air envelope and drawn 
upwardly into the chamber 1 03. In this manner, the cak- 
ing problems previously associated with processing liq- 
uid and viscid materials are eliminated. 
[0036] In certain preferred embodiments an extruder 
apparatus may be coupled with port 191 for metering 
such liquid or viscid material. The interior surfaces of 



body 105 may be coated with a "no-stick" material such 
as a fluorocarbon polymer to further inhibit adhesion of 
materials to the inner surfaces of the body. 
[0037] A jack 1 94 is coupled with damper rod 1 55 to 

5 permit remote adjustment of damper 1 1 7. Jack 1 94 may 
be operated manually or a hydraulic cylinder or electric 
screw may be employed. In certain preferred embodi- 
ments, both sleeve jacks 153 and system 100 may be 
provided with one or more pressure sensing devices in 

10 the chambers 103 to permit computerized control. 

[0038] A conduit 181 intercouples primary and sec- 
ondary comminuter/dehydrator units 101 , 179. Conduit 

1 8 1 fits over sleeve 1 1 5 and damper 1 1 7 of the primary 
comminuter/dehydrator unit in sealing relationship and 

15 extends in generally horizontal orientation for lateral 
coupling with chamber 103 of secondary unit 179. Air- 
flow through conduit 181 and into chamber 103 is sub- 
stantially tangential as previously described with re- 
spect to primary unit 101. A similar conduit 182 inter- 
ne couples secondary comminuter/dehydrator unit 179 
with filtering apparatus 1 87. 

[0039] Conduit 181 forms an elbow in the region gen- 
erally above comminuter/dehydrator 101 whereon is 
coupled a material introduction device 195, depicted 
25 schematically in Figure 9. Device 1 95 includes a hopper 
1 97 to permit gravitational feeding of material through 
sleeve 115 and into chamber 103. The device may also 
be equipped with an airlock valve 1 99. Similarly, conduit 

1 82 forms an elbow above comminuter/dehydrator 1 79 
30 whereon is coupled a material introduction device 201 , 

having a hopper (not shown), and which may also be 
equipped with an airlock valve 203. Generally adjacent 
secondary comminuter/dehydrator 179, conduit 181 is 
coupled with a material introduction device 205, 

35 equipped with an airlock 207 and hopper 209. 

[0040] Conduit 1 81 . 1 82 may be constructed of sheet 
metal or stainless steel tubing where food materials are 
to be processed. In especially preferred embodiments 
the conduit is constructed of ribbed flexible tubing to per- 

40 mit easy assembly and disassembly of the system for 
portability, The airlock 207 may be operated electrically 
or by a hydraulic system where the blower 1 07 is run on 
fossil fuel. 

[0041] Containment system 183 includes a pair of 
45 generally cylindroconical collection units 211 , 213. Pri- 
mary unit 211 is coupled in sealing relationship with 
comminuter/dehydrator unit lower end 129. A conduit 
215 is employed to intercouple elevated secondary unit 
179 with collection unit 213. The conical apex of each 
50 unit may be equipped with an airlock device (not shown) 
to permit additional processing of the comminuted and 
dehydrated material. Collection units 211, 213 are 
equipped with material removal ports 217, 219, each of 
which may be coupled with an auger or vacuum device 
55 (not shown) for removal of processed material. 

[0042] Pressure equalization system 185 includes a 
conduit 221 and a pair of control valves 223, 225. One 
end of conduit 221 is coupled with the intake side of 
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blower unit 107 and the other end bifurcates for inter- 
coupling with the upper portion of each collection unit 
211,213. 

[0043] Filtration system 187 includes a pair of filters 

227, 229. Air is drawn through filter 227, into conduit 

228, into blower 1 07 and eventually passes through sec- 
ondary comminuter/dehydrator unit 179 and out to the 
atmosphere through filter 229. Filters 227 : 229 may be 
constructed of fibers, charcoal, or any other suitable ma- 
terial. They may be electrostatic for soil remediation us- 
es, or adapted for ozone or other gaseous removal. 
Where the system is employed for processing foodstuffs 
such as wheat and the like, the filter material should be 
capable of removing mold spores. In preferred embod- 
iments each filter 227, 229 comprises a room or "bag 
house". 

[0044] The intake portion of blower 107 is coupled 
with a noise reduction mechanism 189, depicted in Fig- 
ure 11 to comprise an attenuator 233. Attenuator 233 
mutes the noise produced by high velocity airflow 
through blower intake. Alternatively as shown in Figure 
9, where a filter room 227 is employed to purify the in- 
take flow of air, the noise is muffled so that an attenuator 
may not be required. In still other preferred embodi- 
ments, both attenuator 233 and filter room 227 may be 
employed. 

[0045] Those skilled in the art will appreciate that the 
closed loop system 1 00 described herein may comprise 
more than two comminuter/dehydrator units coupled in 
series, with airflow produced by a single blower unit. In 
certain preferred embodiments a single conuninuter/de- 
hydrator unit is employed. In such embodiments the out- 
put end of conduit 181 may be coupled with a filter room 
or dust collector or other equipment for further process- 
ing of the material as shown schematically at 231 . For 
portability, the system 100 may be mounted on a frame 
having ground engaging wheels. In such applications 
conduits 181, 1 82, 228 may be uncoupled for transport. 
[0046] In use, high velocity air is drawn through a filter 
room 227 and introduced into the closed loop system 
1 00 by a single blower 1 07 in the manner previously de- 
scribed. Airflow in the cyclone structures 1 01 , 1 79 is reg- 
ulated by adjustment of sleeve and damper jacks 153, 
194 to produce a force gradient adapted to comminute 
and dehydrate the material to be processed. 
[0047] Material may be fed into primary cyclone 1 01 
by the hopper 147, through airlock valve 137, and into 
conduit 109. The material is carried into the cyclone 101 
by the high velocity air generated by blower 107. Addi- 
tional material may be introduced into cyclone 101 by 
hopper 197, through airlock 199 and into conduit 181. 
The material falls by gravity through damper 117 and 
discharge tube 163 into the high cyclonic pressure re- 
gion of cavity 127. Liquid or viscous materials such as 
milk whey, eggs, and wheat gluten, materials which 
have been previously subjected to washing such as min- 
eral slurries, and liquid or viscid additive compositions 
may be introduced through port 1 91 directly into the low 



pressure region of the cyclone, where they are immedi- 
ately enveloped by dehydrating high velocity air. In this 
manner material may be dehydrated before coming into 
contact with the sides of cavity 127, and caking is min- 
s imized. 

[0048] Finer comminuted material settles by gravity 
into collection unit 211 . Adjustment of control valve 223 
equalizes the pressure in collection unit 211 so that the 
processed material may settle easily. The material is re- 
10 moved through port 217 to permit continuous through- 
put. 

[0049] Depending on the adjustment of sleeve and 
damper jacks 153, 194, the pressurized air carries ma- 
terial of a predetermined particle size upwardly though 
15 sleeve 115, past damper 117 and into conduit 181. The 
material is borne along conduit 1 81 by the high velocity 
air generated by blower 1 07 and into secondary commi- 
nuter unit 1 79 for further comminution and dehydration. 
Material may be fed into secondary cyclone 179 by ma- 
20 terial introduction devices 201 , 205 substantially as pre- 
viously described. The material falls by gravity through 
damper 117 and discharge tube 163 into the high cy- 
clonic pressure region of cavity 1 27. Liquid or viscid ma- 
terials may also be introduced into secondary commi- 
ts nuter 1 79 through port 191. 

[0050] Comminuted material settles by gravity into 
collection unit 213, which is pressure equalized by ad- 
justing control valve 225. Processed material is re- 
moved through port 219 to permit continuous through- 

30 put. 

[0051] Pressurized air containing particles too fine to 
settle into collection unit 21 3, passes upwardly from unit 
1 79 and into conduit 1 82, through a filter room 227. and 
into the atmosphere. 
35 [0052] In other preferred embodiments shown sche- 
matically in Fig. 11 , the materia! passes into a dust col- 
lector for material classification. 

[0053] In this manner, the closed loop system 1 00 em- 
ploys the spent air from a primary cyclone to drive a sec- 
ondary cyclone or dust collector unit in an energy effi- 
cient process which is environmentally protective and 
adapted for a wide range of materials including liquid or 
viscid materials previously unsuitable for cyclonic 
processing. 

45 

III. Two-stage Comminuting and Dehydrating 
System and Method 

[0054] Referring now to Figures 12-15, a two-stage 
so comminuting and dehydrating system 301 includes pri- 
mary and secondary comminuter/dehydrator units 303 
and 305 which are substantially similar to the commi- 
nuter/dehydrator units 1, 101. and 179 previously de- 
scribed. The system 301 also includes a blower unit 307, 
55 air delivery conduit 309, venturi mechanism 311 (Figs. 
13 and 14), shredding assembly 312 (Fig. 15), material 
introduction or entry ports 313 and 315, rate-controlling 
dampers 317 and 319, pressure control conduit 321, 
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and a material collection unit 323. 
[0055] The primary and secondary comminuter/dehy- 
drator units 303 and 305 each include a generally cylin- 
drical upper chamber 325. a conical lower body 327 ter- 
minating in a material outlet 308 and a viscid material 5 
introduction port 329 located adjacent the low pressure 
zone of the unit at an angle as previously described 
herein. 

[0056] The blower unit 307 draws air through an in- 
take filter room, such as previously described and 
shown, or air may be drawn directly from the atmos- 
phere. The blower unit 307 is coupled with a conduit 309 
for carrying the output air in a continuous stream to the 
chambers 325 of comminuter/dehydrator units 303 and 
305. 

[0057] The conduit 309 includes a first leg 331 which 
extends laterally below the primary comminuter 303 for 
coupling with the upper chamber 325 of the secondary 
comminuter/dehydrator unit 305. A secondary material 
introduction port or airlock 315 communicates between 
the primary comminuter lower body 327 and the conduit 
first leg 331 . A second conduit leg 333 is coupled with 
the upper chamber 325 of the secondary cyclone struc- 
ture 305. The second conduit leg 333 extends generally 
upwardly through a damper 317 and forms an elbow re- 
turn for coupling with the upper chamber 325 of the pri- 
mary cyclone structure 303. The return portion of the 
second conduit leg 333 includes the primary material in- 
troduction port 313 for introduction of materials to be 
processed. A spent air discharge conduit leg 335 ex- 
tends upwardly through a damper 319 from the upper 
chamber 325 of the primary comminuter/dehydrator 
303. This discharge conduit 335 may be coupled with a 
baghouse or other suitable filter such as previously 
shown, described and designated by the reference nu- 
meral 229. 

[0058] Each material introduction airlock port 313 and 
315 is coupled with a venturi mechanism 311 ; depicted 
in Figures 13 and 14. The venturi mechanism 311 in- 
cludes a laterally expanded baffle tube 337, having a 
generally planar upper surface or plate 339 for receiving 
a respective airlock port 313 or 315.. which is held in 
place by fasteners, such as bolts. The plate 339 is con- 
structed to include a central aperture 341 for passage 
of material from the airlock port 31 3 or 31 5 into the con- 
duit 333 or 331 . A baffle 343 extends downwardly from 
the plate 339 into the baffle tube 337 at the inner margin 
of one end of the aperture 341 . The baffle 343 subtends 
an angle with respect to the plate 339 of about 30* to 
about 60°, with a preferred angle of about 45°. 
[0059] The baffle tube 337 and baffle 343 cooperate 
to form a throat 345, which creates a low pressure zone, 
causing cochlcation or swirling of the airflow under the 
airlock port 313 or 31 5 as depicted in Figure 13. The low 
pressure zone also serves to reduce upward dust reflux 
through the airlock ports 313 and 315. The cochlcated 
airflow entrains introduced material, which facilitates 
mixing of the material with gaseous air, making the ven- 



turi 311 particularly well-suited for use with wet or 
chunky materials. Because of the laterally expanded 
configuration of the baffle tube 337, its net diameter ex- 
ceeds that of the respective conduit leg 331 or 333. 
Thus, although the dependent baffie 343 occludes a 
portion of the baffle tube 337, there is no net decrease 
in the cross sectional area of the conduit 331 or 333. 
This construction results in a venturi 311 which facili- 
tates introduction of material into the system 301 
through a low pressure zone without decreasing 
throughput capacity. 

[0060] A control conduit 321 communicates with the 
air flow conduit first leg 331 via a valve 351 . The control 
conduit also communicates wilh the lower end of the pri- 
mary comminuter/dehydrator unit 303 and the material 
collection unit 323. Airflow through the control conduit 
321 is regulated by a pair of control valves 347 which 
are in electrical communication with particle size and 
moisture content monitors 349 located in a material col- 
lection unit 323. The valves 347 can be actuated elec- 
trically, hydraulically, pneumatically or manually. 
[0061 ] Similarly, the dampers 31 7 and 31 9 may be ad- 
justed manually by means of hand jacks as in previous 
embodiments or remotely adjusted by pneumatically, by 
hydraulic rams, or by jack screws actuated by electric 
motors 353. It is foreseen that the system can be con- 
trolled by a single computer processing unit which re- 
ceives input from the monitors 349, actuates the control 
conduit valves 347 and raises and lowers the dampers 
317 and 31 9 to balance airflow and pressure gradients 
in order to achieve preselected particle size and mois- 
ture content of the output material. Alternatively, tbe sys- 
tem may be controlled by any suitable combination of 
control systems and human operators. 
[0062] A collection unit 323 is coupled with the lower 
end of the secondary comminuter/dehydrator unit 305. 
The collection unit 323 is equipped with a malerial re- 
moval port 355, which may be coupled with an auger or 
vacuum device for transporting discharged material for 
further processing, shipment, or disposal, 
[0063] A shredding/drying assembly 312 (Fig. 15) is 
employed for preliminary pre pulverizing, sizing, blend- 
ing and partial dehydration of materials to be processed 
in the system 301 and includes structure for delivery of 
the materials into the primary airlock 313. The assembly 
312 includes a primary shredder 357, such as, for ex- 
ample, a slow speed shredder, coupled with a conduit 
359 equipped wilh an auger 361 for transporting the 
shredded material to a secondary shredder 363, for ex- 
ample, a chain shredder. The secondary shredder 363 
includes a blower unit 365 adjacent the entrance for sup- 
plying a continuous airflow over the material as it is 
shredded. The secondary shredder 363 is coupled with 
an elevator conduit 369, having an adjacent outlet 367 
to permit removal of dense objects such as stones. The 
elevator 369 extends upwardly at an angle and termi- 
nates in a dependent delivery chute 371 , which may be 
positioned atop the primary material introduction port 
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313, and may include an auger (not shown) for feeding 
preshredded and dried material into the comminuting/ 
dehydrating system 301 for processing. 
[0064] In use, a shreddable or mixable material such 
as wood waste, animal waste, sea food waste and an 
absorbent is introduced into the slow speed shredder 
357. As the shredder 357 rotates, material falls by grav- 
ity into the conduit 359, where it is transported by the 
auger 361 into the chain/flail shredder-mixer 363 for fur- 
ther reduction in size. The material is partially dehydrat- 
ed by a continuous stream of air produced by the blower 
unit 365. The shredded and mixed material is transport- 
ed from the shredder-mixer unit 363 by the elevator 369. 
Dense particles are permitted to settle out through the 
outlet 367. The elevator 369 transports the premixed 
and semidehydrated material to the primary material in- 
troduction port 313 of the comminuter/dehydrator sys- 
tem 301 . 

[0065] The blower unit 307 draws air into the system 
301 for circulation at high velocity. Airflow within the 
comminuter/dehydrator units 303 and 305 is regulated 
by adjustment of a system of sleeves (not shown in Fig, 
12) as previously described, shown and designated by 
the reference numerals 15 and 115 and dampers 317 
and 319, either manually or by hydraulic rams (not 
shown) or screws actuated by electric motors 353. 
[0066] Non-viscous materials are introduced into the 
primary cyclone structure 303 through the primary ma- 
terial introduction airlock port 313. The high velocity air- 
stream generated by the blower unit 307 carries the ma- 
terials into the upper chamber 325 of the primary cy- 
clone structure 303. The material commences cochlea- 
tion in the chamber 325 and spirals downwardly into the 
cone 327. Viscid and liquid materials may be preproc- 
essed in the shredding/drying assembly 31 2 or they may 
be introduced through the viscid port 329 directly into 
the low pressure region of the cyclone structure 303. A 
quantity of pressurized exhaust aircontaining extremely 
fine particles is permitted to pass upwardly through the 
spent air discharge conduit 335, past the damper 319, 
through a filter room (not shown) and into the atmos- 
phere. 

[0067] Comminuted material from the lower body 327 
of the primary cyclone structure 303 passes through the 
secondary material introduction airlock port 31 5. into the 
Venturi unit 311, which entrains the material in a low 
pressure, high velocity air stream, and then into the con- 
duit leg 331 , where high velocity air from the blower 307 
conveys the material into the upper chamber 325 of the 
secondary cyclone structure 305. In the secondary cy- 
clone structure 305, the material passes as previously 
desoribed to the lower cyclone body 327, where the low 
pressure region of the cyclone structure again subjects 
the material to high velocity air. The comminuted mate- 
rial falls in a stream into a collection unit 323, where the 
moisture content and particle size of the stream arc con- 
tinuously assessed by monitors 349. The data is used 
to balance airflow and control the rate of material intro- 



duction through the secondary airlock 31 5. If the select- 
ed paramoters are exceeded, the dampers 31 7 and 31 9 
and valves 347 of the control conduit 321 may be ad- 
justed to further comminute and dry the material. 
5 [0068] It is also foreseen that material may be trans- 
ferred from the collection unit via the removal port 355, 
passed over a scalping screen (not shown), and larger 
material fed back into the system 301 through the pri- 
mary material introduction airlock part 313, Those 
skilled in the art will appreciate that material may be cy- 
cled through the system 301 any number of limes, and 
that while a two-stage system 301 has been described 
herein, additional cyclone structures may be coupled to- 
gether as described to provide for processing of mate- 
rials through three or more cyclone structure. 
[0069] Fully processed material which has been re- 
moved through the port 355 and passed through a 
scalping screen is transported by an auger, conveyor 
belt or other means to a classification system (not 
shown), and then to a collection unit (not shown) in order 
to permit continuous throughput. 
[0070] In this manner, the two stage comminuter/de- 
hydrator system employs the single blower unit 307 to 
cycle solid and viscid materials through a pair of cyclone 
structures 303 and 305 until a predetermined particle 
size and uniform moisture content are achieved in an 
energy efficient process. 

[0071] Such cyclonic comminuter dehydrator units 
are particularly well adapted for processing methane 
gas producing animal waste products from feed lot op- 
erations such as manure, animal wastes from rendering 
operations and fish processing such as fish emulsions, 
for bioremediation by incorporation of minerals and mi- 
crobes in soil mixtures, for remediation of petroleum and 
heavy metal-contaminated soil, for landfill remediation, 
for processing of herbs and medicines, and for enhanc- 
ing paramagnetism in raw materials. Increased para- 
magnetic susceptibility is believed to increase crop 
yields and to enhance fertilizing, herbicide and insecti- 
cide application programs. 

[0072] A method of comminuting and dehydrating a 
material in accordance with the present invention broad- 
ly includes the steps of (a) providing a comminuting/de- 
hydrating system having a pair of cyclone structures 
coupled with a blower unit by means of a conduit to form 
an air flow loop from the primary cone bottom to the sec- 
ondary cone top and from the secondary cone top to the 
primary cone top, with airflow for cycling material be- 
tween the cones controlled by feedback from moisture 
and particle size monitoring devices, (b) causing airflow 
from the blower to flow through the apparatus, (c) feed- 
ing material into the primary cyclone structure through 
an airlock valve for comminution and dehydration, (c) 
regulating the air flow in the system by adjusting a sys- 
tem of dampers, sleeves 

[0073] The comminuter/dehydrator system 301 and 
method may be employed to enhance the absorption 
properties in certain materials such as glauconite or 
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greensand following processing. Glauconite processed 
in the present system 301 has been shown to demon- 
strate increased capacity for absorption of iron, manga- 
nese, hydrogen sulfide, radium, arsenic and lead from 
well water supplies. Processed rocks and other dense 
substances have also demonstrated increased magnet- 
ic susceptibility. 

[0074] The system may also be employed to decon- 
taminate materials contaminated with heavy metals. Ad- 
dition of a mixture of zeolite and glauconite to commi- 
nuted/dehydrated materials appears to encapsulate 
heavy metals 

[0075] By processing hydrocarbon contaminated soil 
in the comminuler/dehydrator system 301 the surface 
area of the particles per unit mass is increased and the 
particles are subject to evaporative air in the low pres- 
sure zone of the cyclone structures 303 and 305. 

EXAMPLE 1 

[0076] Mined materials such as rock, ore or coal con- 
taining minerals may be subjected to crushing forces by 
a jaw crusher (not shown) to a particle size of one half 
inch or less. The crushed material is passed over a trom- 
mel (not shown) for sorting and removal of foreign ma- 
terial. The screened material is next fed into a two-stage 
comminuting/dehydrating system 301 through the pri- 
mary airlock. The material is passed through the primary 
and secondary cyclone structures 303 and 305, during 
which passage the airflow through the unit is adjusted 
to produce a particle screen mesh size of 50 to 600 
which is dehydrated to a uniform moisture level. The 
processed material is suitable for use as a remincraliz- 
ing soil amendment. 

EXAMPLE 2 

[0077] The system 301 is particularly well-adapted for 
processing liquids or slurries consisting of emulsions of 
fish and/or animal waste. Waste emulsion is first mixed 
with a predetermined quantity of a zeolite or other ab- 
sorbent material to form an admixture. The material is 
permitted to stand for about 24 to about 48 hours to per- 
mit the zeolite to absorb some of the odor and moisture 
content. The premixed material is then introduced into 
the slow-speed shredder 357. The resultant mix is then 
introduced into the two stage comminution/dehydration 
system 301 and processed until the moisture content is 
reduced to between about 8% and about 1 0%. The sub- 
stantially dry particulate product may then be screened 
for use as a soil amendment. 

EXAMPLE 3 

[0078] The system 301 may be used to admix various 
materials for soil remineralization. For example, a golf 
course top dress material maybe formulated by blending 
300 pounds greensand, 300 pounds basalt clay with 400 



pounds of 40 mesh river sand and 500 pounds of barn 
yard manure and 500 pounds of spent compost. Follow- 
ing processing through the two stage comminuter/dehy- 
drator system 301, the material forms a homogenous 
5 mixture having a consistent, predetermined moisture 
level, and it may be and screened to a predetermined 
size. 

EXAMPLE 4 

10 

[0079] Various materials were shredded or crushed to 
achieve a particle size serecuable to one/half inch. Each 
material was tested using a Paramagnetic Susceptibility 
Meter obtained from Pike Agri-Lab Supplies, Inc., 
15 Strong.. Maine. The material was next fed into a two- 
stage comminuting/dehydrating system through the pri- 
mary airlock. The material was passed through the pri- 
mary and secondary cyclone structures, during which 
passage the airflow through the unit is adjusted to pro- 
duce a particle size passable through a 50 to 600 mesh 
screen which was dehydrated to a uniform moisture lev- 
el. The processed material was tested using the same 
Paramagnetic Susceptibility Meter. The results are sum- 
marized as follows. 



TABLE 4 



Relative Paramagnetic Susceptibility 


Material 


Unprocessed 


C/D Processed 


Red lava 


550 


1,700 


Greensand 


70 


120 


Red Sand 


0 


540 


River Sand 


20 


1,130 


Bio-Solids 


10 


100 


Vulcanite 


2,800 


7,300 


Basalt Mill Sand 


4,900 


9,800 


Basalt Clay 


3,900 


6,000 


Granite 


50 


3,200 


Wheat Seed 


30 


1.320 



[0080] It is to be understood that while certain forms 
of the present invention have been illustrated and de- 
scribed herein : it is not to be limited to the speciftc fonns 
or arrangement of parts described and shown. 
[0081] What is claimed and desired to be secured by 
Letters Patent is as follows: 



Claims 

1 . A two stage system for comminuting and dehydrat- 
ing a material and comprising: 
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(b) a second shredder having an inlet and an 
outlet; and 

(c) a conduit coupling said first shredder outlet 
with said second shredder inlet and said sec- 

5 ond shredder outlet with said material entry 

port. 

8. A two stage system for comminuting and dehydrat- 
ing a material and comprising: 

10 

(a) a first cyclone structure and a second cy- 
clone structure; 

(b) a blower unit; 

(c) a first conduit communicating between said 
15 blower unit and said second cyclone structure; 

(d) a second conduit communicating between 
said second cyclone structure and said first cy- 
clone structure; 

(e) said first cyclone structure having a first ma- 
20 terial outlet communicating with said first con- 
duit between said blower unit and said second 
cyclone structure; 

(i) said first conduit and second conduit coop- 
erating with said blower unit and said first cy- 
25 clone structure and said second cyclone struc- 

ture to form an air flow path from said blower 
unit through said second cyclone structure to 
said first cyclone structure; and 

(f) a material entry port communicating with 
30 said second conduit between said second cy- 
clone structure and said first cyclone structure 
whereby material received through said mate- 
rial entry port is entrained in air flow through 
said second conduit, carried to said first cy- 

35 clone structure for a first stage of comminution 

and dehydration therein, entrained in airflow in 
said first conduit through said first material out- 
let, and carried to said second cyclone structure 
for a second stage of comminution and dehy- 

40 dration therein. 



(a) a first cyclone structure having a first mate- 
rial outlet; 

(b) a second cyclone structure; 

(c) a blower unit: 

(d) u conduit assembly forming an airflow path 
from said blower unit past said first material out- 
let to said second cyclone structure and to said 
first cyclone structure; and 

(e) a material entry port communicating with 
said conduit assembly between said second 
cyclone structure and said first cyclone struc- 
ture whereby material received through said 
material entry port is entrained in air flow 
through said conduit assembly, carried to said 
first cyclone structure for a first stage of com- 
minution and dehydration therein, again en- 
trained in airflow in said conduit assembly, and 
carried to said second cyclone structure for a 
second stage of comminution and dehydration 
therein. 

2. The system as set forth in claim 1 , wherein said 
blower unit comprises a single blower. 

3. The system as set forth in claim 1 . wherein each of 
said cyclone structures further includes an upper 
chamber and a lower body. 

4. The system as set forth in claim 1 , wherein said sys- 
tem further includes a venturi assembly positioned 
between said first cyclone structure and said con- 
duit assembly and between said conduit assembly 
and said material entry port. 

5. The apparatus as set forth in claim 4 wherein said 
venturi further includes: 

(a) a laterally expanded baffle tube; 

(b) a baffle dependently coupled with said baffle 
tube; 

(c) said baffle and said baffle tube cooperatively 
forming a throat having a low pressure area; 
and 

(d) said throat presenting a cross sectional area 
at least about equal to a cross sectional area 
of said conduit, for permitting rapid passage of 
material through said low pressure area. 

6. The system as set forth in claim 1 , wherein each of 
said cyclone structures further includes a viscid ma- 
terial entry pert for permitting addition of viscid ma- 
terial to be comminuted and dehydrated. 

7. The system as set forth in claim 1 , wherein said sys- 
tem further includes a shredding and drying assem- 
bly having: 

(a) a first shredder having an outlet: 



9. The system as set forth in claim 8, wherein said 
blower unit comprises a single blower. 

45 10. The system as set forth in claim 8, wherein each of 
said cyclone structures further includes an upper 
chamber and a lower body. 

1 1 . The system as set forth in claim 8, wherein said sys- 
so tern further includes a venturi assembly positioned 
between said first cyclone structure and said con- 
duit assembly and between said conduit assembly 
and said material entry port. 

55 12. The system as set forth in claim 8, wherein each of 
said cyclone structures further includes a viscid ma- 
terial entry port for permitting addition of viscid ma- 
terial to be comminuted and dehydrated. 
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13. The system as set forth in claim 8, wherein said sys- 
tem further includes a shredding and drying assem- 
bly having: 

(a) a first shredder having an outlet; 

(b) a second shredder having an inlet and an 
outlet; and 

(c) a conduit coupling said first shredder outlet 
with said second shredder inlet and said sec- 
ond shredder outlet with said material entry 
port. 

14. A system for comminuting and dehydrating materi- 
al, comprising: 

(a) first and second cyclone structure, each 
having: 

(1) a cylindrical chamber presenting a di- 
ameter; 

(2) a body having an inverted, conically 
shaped cavity presenting an open truncat- 
ed lower end; said body being coupled with 
said chamber in suspended relationship; 
said cavity having a base coupled with said 
chamber said base presenting a diameter 
substantially equal to the diameter of said 
chamber; 

(3) a first material entry port for introducing 
material to be comminuted and dehydrated 
into said first cyclone structure; 

(4) said first cyclone structure having a first 
material outlet and said second cyclone 
structure having a second material outlet; 

(5) a second material entry port coupled 
with said first material outlet for introducing 
material comminuted and dehydrated by 
said first cyclone structure into said cham- 
ber of said second cyclone structure; 

(5) a collection unit coupled with said sec- 
ond material outlet; said unit including a 
moisture sensor; 

(b) a blower unit; 

(c) a conduit assembly forming an air flow path 
from said blower unit past said first material en- 
try port to said second cyclone structure and 
then to said first cyclone structure; and 

(d) a control conduit intercoupling said conduit 
and said first and second cyclone material out- 
lets; said moisture sensor operatively coupled 
with said control conduit for selectively control- 
ling the delivery of air to said material outlets. 

15. The apparatus as set forth in claim 14 wherein said 
conduit assembly further includes a venturi assem- 
bly positioned between said first cyclone structure 
and said conduit assembly and between said con- 



20 

duit assembly and said material entry port. 

16. The apparatus us set forth in claim 15 wherein said 
venturi further includes: 

(a) a laterally expanded baffle tube; 

(b) a baffle dependently coupled with said baffle 
tube; 

(c) said baffle and said baffle tube cooperatively 
forming a throat having a low pressure area; 
and 

(d) said throat presenting a cross sectional area 
at least about equal to a cross sectional area 
of said conduit, for permitting rapid passage of 
material through said low pressure area. 

17. The system as set forth in claim 14, wherein said 
system further includes a shredding and drying as- 
sembly having: 

(a) a first shredder having an outlet; 

(b) a second shredder having an inlet and an 
outlet; and 

(c) a conduit coupling said first shredder outlet 
with said second shredder inlet and said sec- 
ond shredder outlet with said material entry 
port. 

1 8. A method for comminuting and dehydrating material 
comprising the steps of: 

(a) providing an apparatus having; 

(1) a first cyclone structure having a first 
material outlet; 

(2) a second cyclone structure; 

(3) a blower unit; 

(4) a conduit assembly forming an air flow 
path from said blower unit past said first 
material outlet to said second cyclone 
structure and to said first cyclone structure; 

(5) a material entry port communicating 
with said conduit assembly between said 
second cyclone structure and said first cy- 
clono structure; 

(b) causing airflow from said blower unit to flow 
through the apparatus; and 

(c) introducing material through said material 
entry port for entrainment in air flow through 
said conduit assembly to said first cyclone 
structure for a first stage of comminution and 
dehydration therein, entrainment in air flow in 
said conduit assembly to said second cyclone 
structure for a second stage of comminution 
and dehydration therein. 
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FIG. 10 
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